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READER RESPONSE--

In the last Newsletter (December, 1976), | Included three
background articles dealing with scoria, lignite, and potash. |
asked for reader reaction, whether such l+ems should be Included
In this type of Newsletter, and the response was favorable; so,

I'11 Include several more generalized “essays" on varlous aspects of
North Dakota geology In this Newsletter. They include articles on
North Dakota's dralnage pattern, on dead-ice moralne, and on fossils
In the State. And two articles, the ones on Exploration Ingenuity
and Strippers, were written for the Newsletter by Erling Brostuen.

GERALD EDDY-~

We were saddened to learn of the death on May 24th of
Dr. Gerald Eddy, former state geologlist with the Michlgan Geologlical
Survey. Dr. Eddy Joined the Michigan Geological Survev in 1924 and re-
tired In 1971. He also served as Michlgan Depariment of Natural
Resources director and state supervisor of wells.,

PRESONNEL CHANGES--

Dr. Howard Hobbs, who has been with the North Dakota Geological
Survey for the past year, has accepted a job as Quaternary geologist
with the Minnesota Geologicai Survey. Wn!ie with the NDGS, Howard
mapped Ramsey County and heiped in evaluating sanitary landfill
sites throughout the state. E

For his first two years with the Minnesota Geologlcal Survey,
Howard will be working with a group In the Department of Natural
Resources evaluating peat rescurces !n neorthern Minnesota. He
will spend the months from Juiy through Cctober in the fleld, mapping
and field-checking the Ouaternary geology of Aitkin and southeastern
St. tLouls Countles. He will be based at a cabin on Lake Minnewawa,
near Big Sandy Lake. :

Dr. Alan Kehew will begin working for the NDGS In July. Alan
comes to us with a Fh.D. from the University of idaho where he
was Involved In a land-use planning and goologic hazards project in the
Lewiston, ldaho, area. His report on the area will provide a data
base for urban planners In Lewiston, which Is a rapidiy growing city
on the Snake River. Alan also has a M.S. from Montana State University
In Bozeman. His thesls there was concerned with the environmental
geoiogy of the West Fork Basin, Galiatin County, Montana. His B.S.
is from Bucknell Unlversity in Pernnsylvania. Alan served In the
U.S. Navy for four yeairs. He ls married and has twin daughters.
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Dr. Ken Harris will begln with the NDGS in August. He has been
employed as an exploration geologist for Cities Service Oil Corporation
for the past two years, stationed In Jackson, Mississippl. Ken recelved
both his M.S. and his Ph.D. degrees from the Universlty of North Dakota.
His M.S. thesls was on the glaclal stratigraphy in the Red Lake Falls
area In northwestern Minnesota, and his Ph.D. dissertation involved a
study of the Pleistocene geology of the Grand Forks-Bemidjl area, also
In Minnesota. His B.S. degree from North Dakota State University in
Fargo Is In electrical engineering. Ken Is married and has one daughter.

'RESEARCH PROJECTS-~-

Subsurface carbonate rock studlies are underway on the Red River,
Mission Canyon, and Lodgepole Formations. The role of subaerial diagenetic
processes In the development of porosity In the Misslon Canyon is one "hot
topic" in these studies, related to new major oll discoverles in west-
central North Dakota. Field and laboratory studies leading to the
Interpretation of origins of carbonate mud in the Paleozoic Williston
basin are well underway; much of the work In modern carbonate environments
Is now complete. We are studyling the Upper Cretaceous Pierre Formation
with emphasis on the sand intervals within i+, In an effort to increase
interest In shallow gas exploration. Inltial field studles of sediment
transport In the Little Missourl Rlver have been completed.

Field research on southwestern North Dakota Cretaceous and Paleocene
stratigraphy has improved our knowledge of stratigraphic relationships in
the coal-bearing sediments and made it necessary for us to redeflne several
Fort Union Group formations. We are now In the process of reevaluating
our entire stratigraphic column, taking into account.current terminology In
use by ofl and coal geologists working in the state.

The Survey Is In the process of computerizing all the exploratory and
oil well data avallable In the state. The new well schedule will
catalog and print out the exact location (county, township, range,
quarter-quarter section), well name, operator, weil status (producing,
dry, shut-in, etc.), initial production gravity, and other information.
The program will Include such data as T.D., formation bottomed in,
producing horizons, as well as noting the cores, samples, and logs on
file at the Survey offices in Grand Forks.

SURFACE MINING-RECLAMATION PROJECTS-~

It sometimes seems |ike we are working on so many surface-mine
reclamation-related projects that it is hard to keep track of them.
Many of these have been discussed in previous Issues of the Newsletter,
but here Is a short summary anyway.
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A grant from the North Dakota Reglonal Environmental Assessment
Program (REAP) Is enabling us to work out the detalled stratigraphy of
the Knife River Basin area In west-central North Dakota, an area that
contains much of the State's lignite resource. Thls study involves
reglonal correlation and determinatlon of the hydroloalc characteristics of
the 1lgnite-bearing units In the area. A recently completed study funded
by the Old West Reglonal Commisslon involved detaiied sampling and analysls
of overburden materials at several active and proposed mining sites and the
development of a predictive geochemical mode!l as an ald to the reclamation
of surface~-mined areas. A study funded by the Environmental Protection
Agency Involves detalled hydrologic instrumentation of several active
and proposed strip-mine sites to determine the potential effect of mining
upon groundwater supplles. Other reclamation-related research is aimed at
determining the hydrologic characteristics of recontoured strip-mine
spolls and understanding the causes of instability In recontoured spolls.
We expect that these detalled geologic and hydrologlc studies will assist
the State In planning for the orderly development of coal resources In
North Dakota.

We are continuing our contract with the USGS Conservation Branch
involving a drilling and logglng program to determine the depth,
thickness, and quality of lignites and to correlate significant strippable
lignite beds.

During 1976 we drilied a total of 44,000 feet of testhole Including
21 locations in the New England area and 94 focatlons In Dunn, Mercer,
Ollver, and Morton Countles, Last year's drilling was concentrated
immediately south of the area we studled In 1975. Our preliminary
inventory of overburden materlals wlli contribute to studies reiated
to reclamation potential or problems and wiil augment the data base
used In making preliminary estimates of the effect of mining on local
hydrologic conditions. We expect to continue the study in 1977 with
another 48,000 feet of testhole.

ENV IRCNMENT-RELATED STUDIES--

(Actually, It seems to me that all geology Is "environment-
related”" and we geologists, by the nature of our work, have been concerned
"environmental Ists" since long before the term was fashlionable.)

Survey geologlsts routlinely examine waste-disposal sites through-
out the State. Possible problems that might be caused by Inadequate
attention to geologic condltlons can be detalled, and a preliminary
evaluation ¢an be made as to whether a site might be geologically
sultable for the Intended use. Site evaluations are based on such things
as bedrock and glacial sediment composition, slope of the iand, and depth
to the water table. Such evaluatlions help insure the protection of
groundwater supplles and prevent damage that might result from choosing a
poor site for a lagoon or sanltary landfill or other Intended use. Quick
and declisive geologic advice can rule out poor sltes at a minimum of
expense, thereby eliminating possible costiy remedial measures iater.
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Currently, we are conducting several environment-oriented studies
to asslist cltlzens throughout the state. We have completed three separate
studles involving 17 counties, and we are working on two more areas
Involvirg an additional 16 counties. The studies are conducted in
cooperation with the local Regional Councils for Development of which
there are eight In the State. The studles have resulted in the preparation
of county maps depicting such things as general construction conditions;
groundwater pollution hazard; and the suitabillity for septic systems,
sewage lagoons, and sanlitary landfills. :

Cooperation with the State Health Department lIn evafuafingv
proposed waste-disposal sites continues, with 27 sites evaluated during
the past year and the number steadlily Increasing. A recently completed
report detalls conditions around a typical sanitary landfill in a setting
of glacial topography. The results of this report will be useful in
deciding on the placement of landfills in glaclated areas.

And, as part of our Involvement In maintaining a safe environment,
Survey geologists have recelved and reviewed a total of 3,468,358
Environmental Impact Statements averaging 1,743 pages each and weighing
an average of 3.8--no, pardon me--1.7 kilograms apiece. (Anyway, it
seems |lke that sometimes).

RECENT PUBLICATIONS=-~

Since the last NDGS Newsletter six months ago, the Survey has
completed a variety of technlical and educatlional reports. Two reports
were published in our county groundwater series. A report on Benson
and Plerce Countlies, prepared by P. G. Randich of the U.S. Geological
Survey, describes the general avallabllity of groundwater in the two
counties and provides information on quantity and quallity of water with
an emphasis on the major aquifers. Aquifer discussions inciude particle
size analysis, water levels and pump test data. The report also contains
Information on present groundwater use. 1+ consists of 76 pages of text,
41 figures, 2 tables, and 3 plates. A report on Ramsey County, prepared
by R. D. Hutchinson of the U.S. Geologlcal Survey, Includes geologic and
hydrologic data for 1,145 wells and testholes, water level measurements
in 73 observation wells, lithologic and geophysical logs of 452 testholes
and welis, 209 chemlical analyses of groundwater, and 22 particlie-size
analyses. The report consists of 344 pages of text and data and one map
showing locations of wells and testholes. Both of these reports can be
obtained from the North Dakota Geological Survey.

Report of Investigation 60, '"Stratigraphy of Offshore Sediment,
Lake Agassiz--North Cakota," written by B. Michael Arndt, summarizes the
stratigraphy of Lake Agassliz based largely on Informatlon obtained from
highway department test borings for Interstate 29. It includes graln
size analyses and englineerlng data for the different stratigraphic units
and an interpretation of the hlstory of Lake Agassiz during the deposition
of the stratigraphic units. The report consists of 58 pages of text, 26
figures, 2 tables, and 3 plates.
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The Officlial OIl Production Statistics and Englneering Data for
the First Half of 1976 was published in February. This report contains
the oil and water production by Indlvidual wells as well as other pertinent
information.

Recently published maps Include a colored Geologic Highway Map of
North Dakota (Miscellaneous Map 19), which can be used as a ready reference
to locate yourself geologically anywhere In the State. The map shows
surface geology and Is drawn at a 1:1,000,000 scale, a manageable size to
use in a car. 1t Includes an easf-wesf cross secflon of the State and is
avallable either flat or folded.

We recently published a new, colored, small (84" x 11") generalized
map of the surface geology of the State. This map (Miscellancous Map 18)
is intended for laymen and students.

Another map (Miscailaneous Msp 20) shows all the proposed |ignite-
related power piajecis “or No~*h “*-ofa, both eiectrical and gasification
facilities (also seze “om on pzage 7 of this Newsietter). Operating and
proposed mines are located on tne map.

A nontechrinal Norfh Dakota ceolnay bonk, "The Face of North Dakota--
The Geolog'c Stoiy,”™ hes been poior0 ans witl be ava® able soon. It
should fii! a nead for exrth acia-os weacinrs ir the S ste and serve as
a hancbook on Nooth Paxsio oo izgy »or aarested non aeoiegists. A
folded copy of the Gecingic Hiynway Map descricaed above, comes with it.

Another new publication, Report of Investigations 62, deals with
various enginesing properties and agricuitural potential of Divide,
McKenzie, and Wiiliams Count 23, Nooth Da'wra. A repo-t dealing with the
probisms irvoived In siting zonitary ?an_vtlls In glaciated terrane
(Open File Repoirt OF=1) Is now avaiizble.

And, finally, we have a now, uo-to-date List of Plibllications
which listz our avallable puniicatisns ac well 3s those that are out of
print. it also iists many oy the services we provide. The List of
Publtcations can be obtained free of charge from the Survey.



-7-

NORTH DAKOTA COAL PRODUCTION == CURRENT AND PROPOSED=~=

The Information In the following two tables was compiled by Gerald

Groenewold of the NDGS.

It Is taken from NDGS Miscel laneous Map 20,

which also shows the locatlons of each mine as well as currentiy-
operating and proposed power plants and gaslficatlion plants. The map
Is avallable from the Survey.

ACTIVE MINES

PRODUCTION BY COUNTY (SHORT TONS)
(Tonnages are for the flscal year ended June 30, 1976).

“MINE OPERATOR TONNAGE AND COUNTY

Beulah Kn!fe River Coal Mining Company 836,919 (Mercer)

‘ 321,221 (Otiver)
Center Baukol—Noonén, Inc. 1,659,757 (Oliver)
Gascoyne Knife River Coal Mining Company 2,611,388 (Bowman)
Glenharold Congoiidaflon Coal Company 3,285,305 (Mercer)
Husky Husky Industries 140,256 (Stark)
|ndiah Head» The North American Coal Corporatlon 1,065,021 (Mercer)
Larson Baukol-Noonan, Inc. 352,716 (Burke)
Nelson Geo-Resources, Inc. 10,000 (Willlams)(estimated)
Smith-Uliman  Arrowhead Coa! Company 14,021 (Adams)
Sprecher Sprecher Coal Company 4,157 (Grant)
Velva Consolidation Coal Company 419,522 (Ward)
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PROPOSED MINES

_ PRODUCTION BY COUNTY (SHORT TONS)
(Tonnages refer to proposed annual production)

MINE QPERATOR TONNAGE AND COUNTY
Beulah Knife River Coal Mining Company 4.3 mi!llon tons--1981
(Expanded) (Mercer and Ol lver)
Center Bauko!~Noonan, Inc. 4.4 miilion tons--1978
(Expanded) (Ol iver)

Coteau The Coteau Properties Company 14,0 mititon IA )
(a subsidiary of The North tons--1984  (Ollver
American Coal Corporation)

Falkirk The Falkirk Mining Company Mining beginning

(a subsidlary of The North

American Coal Corporation)

in 1977, 5.5-6.0
mitllon tons
annually by 1981

(MclLean)

Unnamed near
Dunn Center, ND

Amax Coal Company

13.0-14.0 miilions

of tons if one unit

{s constructed :
52,0 mitiion tons (Dunn)
1¥ four units are
constructed

Unnamed Stark
and Dunn Counties

Unknown (E! Paso Natural
Gas Company holds lease)

48.0 million tons
¥ four unit+s are (Stark)
constructed

Unnamed near
Beach, ND

Tenneco Coal Strip Company

--No Data=~

Unnamed near
Garrison, ND

Unknown (Nokota Company
holds lease)

--No Data--
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WILLISTON BASIN CORE STUDY LABORATORY--

A carbonate core and sample study laboratory was established
thls year through the generosity of Individuals and corporations
Involved in oil exploration In North Dakota. This facility is designed
for whole sample and petrographic study of Willlston basin carbonate
rocks. :

Studies by Industry scientists are now possible under terms of
the grants for equlpment purchase. The North Dakota Geological Survey
Core and Sample Library may be better used now since materials may be
studied onsite.

Initial funding for the laboratory equipment was derived from a
proposal to Industry representatives written by Tim Cross of the UND
Geology Department and Lee Gerhard of the Survey. Although additional
equipment is sought, core slabbing saws, a trim saw, grinding laps,
and thin section preparation equipment have been purchased, installed,
and are being used. '

Renovation of Room 9 in the basement of our bullding was provided
by the University of North Dakota. Epoxy painted walls and celllng,
replumbing, new coverings for core layout tables, and storage racks have
all been provided for the laboratory.

Current plans call for acqulisitlion of a Faxitron core slab X-ray
unit for study of large fabrics and sedimentary structures and a cathode
luminescence unit for study of diagenetic fabrics and paragenesis.
Photomlcrography capabl!lity has been provided by Dr. Cross through a
separate grant.

To date, over $11,000 has been donated by corporations and
Individuals. We wish to express our appreciation to the following for
thelir generosity:

Cardinal Drilling and Palmer Ol Co.
CiG Exploration Co.

Farmland International

Getty 01} Company

Guif Oil Company

Claude B. Haml il

Ray Harrison

J. B. Hawley Trust

Hunt Energy Corp.

Tom Jordan

Marathon Oil Company
Montana-Dakota Utititlies Co.
Phitlips Petroleum Co.
Rainbow Resources

Shell Oil Company
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Studies now underway are:

Lodgepoie Formation: Tom Heck

Red River Formation: Kipp Carroll
Duperow Formatlon: John Hoganson
Mlssion Canyon Porosity: NDGS Staff
Winnepegosls Bioherms: NDGS Staff

Most of these studies center about the localization of petroleum
production or potential within these units and the depositional and
dlagenetic systems that caused the localization. We hope that the
extension of these types of carbonate studies to Willliston basin rocks
will be useful to exploration geologists.

OIL PRODUCTION CLIMBS~-

Crude-oil production in North Dakota in 1976 registered an Increase
over the previous year, as It has the past two years. There were
21,723,586 barrels of crude oll produced from 160 oil pools In the
State during the year, a 6.2 percent increase over 1975. Drilling acti-
vity contlnued at an accelerated nace. The results of *his activity
are reflected In the number o® naw ¢ii pools discovered during the year.
The seventeen new pools +that were found were nine more than during
1975 and constituted the highest number of new discoveries since 1958.

Nearly all segments of the mineral industry showed an iIncreased
interest in North Dakota during 1976. A fotal of 246 drilling permits
were issued in 1976 for oll and gas exploration. During the flrst five
months of 1977 (Jan 1--June 1) a total of 143 permits were issued.

(Permits issued each month are {isted in the Monthily Ol Production Report.
Anyone desiring this informatlon should subscribe to that publication.)
The Survey Issued 38 permits for coal exploration, 10 for uranium,

3 for potash, and one for Glauber's salt during 1976.

EXPLORATION [INGENUITY=~

The theme of the recent annual meeting of the Rocky Mountaln
Section of the AAPGC was "Exploration Ingenuity--Key to Energy Resources."
Michael T. Halbouty echoed this philosophy in his keynote address. He
stated that explorers cannot possibly find the 20,000 prospects requlred
each year to meet the needs of the Immediate future with present exploration
phllosophy and methods.

I+ Is generally accepted by exploration people that the more obvious
surface and subsurface structures have been identifled and tested. There
have been recent exceptions, such as the prolific Silurian discovery In
McKenzie County on the east flank of the Nesson anticline and the earlier.
Devonian, Silurian, and Ordovician discoveries In Wililams County on the
west flank of the Nesson anticline, but the greatest exploration
Impetus in North Dakota Is taking place in areas distant from obvious:
structures.
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Exploration ingenulty Is not a new phrase or philosophy. |t has
been practiced by many exploration geologists and geophysicists who have
developed new ideas and methods that have sometimes been used by industry
with considerable success. It Is apparent from the dramatic Increase in
discoveries in the deeper part of the Williston basin that something of
this nature is taking place.

In attempting to analyze the cause or causes for the Increase In
discoveries and improvement in wildcat success ratlo, it is necessary
to consider all factors. One, of course, is the Increase in the price of
crude oil since the oil embargo. The increase In price could be
expected to increase the rate of wildcatting, but It would not in itself
tend to Iimprove the success ratio. The improvement of the success ratio
can only be due to new Ideas and developments by explorationists,

A recent article In the Oil and Gas Journal i!lustrates +his
quite effectively. The Oil and Gas Journal has analyzed the exploration
history of the southwestern portion of the Willliston basin, specifically
Bowman County, North Dakota, and Harding County, South Dakota.

. The Journal report covers the period from 1653 to December, 1975,
when the federal government roiled back the price of crude oil to
appoximately $11.50 per barrel. During this time period, 75 walis were
drilled, resulting In 28 discoverlies, for a success ratio of 37%

(it should be pointed out that the Ol and Gas Journal generally conslders
all wells not specifically drilled as development wells to be wildcats).

What Is particulariy significant about the Journal study is the
dramatic Increase In the success ratio beginning with the fiftieth well
drilled. Up to that polint, the probabllity of success had been only
16Z. The drilling of wells 51 through 75 resulted in a rapid Increase
in wildcat discoveries Improving the success ratio to 529.

While the oll embargo and resulting increase in crude oll prices
might be cited as the reason for the increased success ratio, It is
significant that well number 50 and four additional successes were drifled
before the embargo and rise In prices. The cause would appear to lle in
developments in technology and geologic Interpretation.

Stack shooting had been available for some time prior to the
drilling of well number 50. I+ts use inconjunction with the Isopach
thin technique of interpretation, which became accepted as necessary by
this time, has resulted in 19 new discoveries in 25 attempts. 1t may
be concluded that the increase in the wildcat success ratio in this
portion of the Williston basin is the result of +he isopach thin
technique and stack shooting.
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The prospects for continued success look great for the area
mentioned above, but what of other portions of the Williston basin?
Let's consider the countles where the exploration of Madison and deeper
formations Is underway. These Include Blllings, Dunn, Golden Valley,
McKenzle, Slope, and Wllliams Counties. During the perlod covering
1973 to the present, production has been found in these counties in
Madison, Bakken, Devonian, Slilurian, and Ordovician rocks.

For this discussion, we shall define wlldcat wells ac those drilled
prior to and Including a discovery well, excluding those »c'is originally
permitted as wildcats and subsequently drilled as development wells
following discovery. Outpost and extension wells are also omitted.
Using these criteria, we find that In 1973, nine wildcats were drilled
In this six-county area with nine fallures for a 0% succass ratio.

Some improvement occurred in 1974 with eight wildcats and one discovery
for a 12.5% success ratio. A dramatic Increase occurred in 1975 with
six out of fourteen wlldcats completed as producers with an increase In
the success ratio to 43%. The rate of success continued to climb in
19;6 with twelve discoverles for 22 attempts glving a success ratio of
54%.

The causes for the dramatic increase In success ratios In thls six~
county area are difficult to analyze. There Is a considerable variation
In drilling depths and problems from Slope County in the south to Willlams
County at the northern end of the area. The Red River Formation,
which may be found at a depth of 10,000 feet in Stope County, can be
topped at below 14,000 feet In McKenzie County.

Discussions with explorationists reveal that the Isopach thin
technlque, which has been so successful In the southwestern part of the
Williston basin, does not appear to be applicable to the deeper central
portion. I+ is conceivable that the greater depth and thickness of
overlying formations tend to diminish the effect that deep structures
may have on subsequent sedimentation. Stack shooting continues to be
an important tool used in more conventional structure mapping in this
area. As drilling and discovery continue, we hope to learn more about
the techniques and methods responsible for the Increase In wildcat
success ratios. 1t Is apparent that explorationists in the Williston
basin are indeed practicing exploration ingenuity and industry management
is Implementing new ldeas and methods with considerable success.
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NORTH DAKOTA'S DRAINAGE PATTERN--

If you study a map of North Dakota on which the dralnage system
Is emphasized (a highway map Is not a very good choice--it's hard
to get an idea where the rivers flow) you may wonder at the peculiar
routes of some of the rivers. Southwestern North Dakota rlvers
such as the Little Missouri, Heart, Knife, and Cannonball, all flow
northward or northeastward Into the Missourl River, which flows south~
east across the state. The Souris River flows into North Dakota,
loops around, and flows out again. The Sheyenne River winds Its way
southeastward, but then locops sharply northeastward to Joln the
Red River. And the Red River of the North flows almost stralght north.

All of these rlvers follow thelr lelsurely, sometimes tortuous
routes in the face of the fact that the overall slope of North Dakota
Is not at all comptex. The state slopes northeastward from a helght
of about 3,500 feet above sea level on White Butte in Slope County
in the southwest, to a low of 750 feet where the Red River fiows Into
Canada in Pembina County. One might expect that the dralnage should
be directed In a northeasterly direction, down the regional slope;

In most ptaces streams do follow the reglonal slope. But not in North
Dakota. Why?

To answer the question, we have to go back to the time before
the state was first glaciated, between two and three miliion years
ago. At that time, nearly all the streams did follow northeast-
trending routes, thelr water eventually reaching Hudson Bay.

Before the first glaclers advanced into North Dakota, the
ancestral Heart, Knlfe, and Cannonball Rivers all flowed northeastward
along thelr present routes, contlinulng northeastward beyond the points
where they now enter the Missouri Rliver. They flowed Into eastern North
Dakota, Joining a large north-flowing river that entered Canada a few
miles east of the Turtle Mountalns.

Similarly, the Yellowstone River entered North Dakota in the
same place as it does today, but I+ then flowed northeastward across
Divide County Into Canada, probably eventually joining the same large,
north-flowing river system | just mentioned. The Littie Missouri River
flowed northward, joinlng the Yellowstone River near Alamo north of
Williston

The Red River of the North flowed northward Just as It does today,
although the location of the river has ranged over a rather broad
area that coincides generally with the modern Red River Valley.

With the coming of the glaclers, much of the dralnage system |
have Just described was changed drasticaliy. Aimost from the start,
drainage to Hudson Bay was cut off, and the north-flowing rivers were
dammed by the ice. Glaclers that moved Into and through North Dakota
forced the water to flow along the edge of the ifce, rapidly eroding deep
"diversion" valleys.
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North Dakota was glaclated several times during the last three
million years, and during each glaciation, the river systems changed.
Southwestern parts of the state, which were not extensively glacliated,
retain about the same stream pattern they had prior to glacliation;
but In the east, which was repeatedly glaciated, the early river
valleys are buried beneath several hundred feet of glacial sediment,
and stream patterns are aimost entirely the result of changes that
took place during the lce age.

Except for the part of North Dakota southwest of the Missourl
River, the modern dralnage pattern Is largely the result of events that
took place during the ice age. The comings and goings of the glaclers
through the state altered and realtered the routes of streams north and
east of the Missourl River so that our modern steam pattern is quite
comp lex.

North Dakota's modern drainage Is divided into two systems.
About 60 percent of the area of the state, the east and southwest,
drains toward the Guif of Mexico. The remainder of the state drains
northward to Hudson Bay. These two drainage systems are separated by a low
continental divide, which extends diagonaily, from northwest to
southeast, across the state.

North Dakota's largest river, the Missouri River, is also one
of our most interesting ones. |t receives noot of Its fiow from the
meiting snows in the mountains of Wysaing a~s Moantona, where It and
its main tributary, the Yellowstone Aiver, have Thelr sources. The
Missouri River is the only river flowing tarough North Dakota that
provides the state with a reliable water suppiy.

The valley of the Missourl River across North Dzkota Is a sort
of hybrid thing, a combinztion of old preglaciai river valleys and glacial
diversion valieys that have been "welded" into the valley through
which the river filows today.

in some places, the Missour! River valley Is broad, spanning
six to ten m'les from rim to rim. In other places the valley is quite
narrow, neariy a c¢oge iess than two miiss wione, Ceazroily, the wider
parts of the valley axferd In an east-west direction, wnereas The
narrower parts trend north-south.

The wide parts of the Missourl River valley colncide with old,
preglacial valieys through whici rivers may have flowed over three
millicn vears ago. The narrow segmentis are much youngor and were
carved when water flowed southw.rd along the edge of the glacier a
few tens of fncusands of years ago.

A good example of an old, broad porticn of the Missouri River
valley is the part riow ficoded by Lake Sakakawea upstream from Riverdale.
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This portion of the valley existed before the state was glaciated

when It contained a river that flowed eastward, passing north of
Riverdale, through what Is now the Snake Creek Arm of Lake Sakakawea,
and eastward beneath the present vicinity of Turtle Lake, the Prophets
Mountalns, and near Lincoin Valley In Sheridan County.

An examplie of a part of the Missouri River valley that formed
when glaciers diverted the drainage, forcing It to erode a valley, Is
the north-south part of Lake Sakakawea southwest of New Town. The
Four Bears brlidge west of New Town crosses what is one of the narrowest
and youngest segments of the Missouri River valiey in North Dakota.

General ly, throughout the glaciated part of North Dakota, the
eastern and northern parts of the state, the drainage pattern Is a
combination of numerous valleys that carried meltwater from the
glaclers and Jjolned into more-or-iess continuous valleys. The routes
of these valleys are determined largely by the distribution of glacial
sediment, which was dumped as hills by the Ice in some places, smoothed
into plains in other places. Modern streams simply flow around the hills,
resulting In a dralnage pattern that otherwise seems to have nelther
rhyme nor reason.

Large portlons of glacliated North Dakota have virtually no
through drainage. Such areas consist of topography that was formed so
recently in geologic time by the glaciers, that streams haven't yet
had time to form. Examples are the Turtle Mountains and the Missouri
Coteau.

The Souris (Mouse) River follows a looping route that Is probably
the result of the pattern of glacial deposition of sediment. However,
-1t has also been suggested that the sediments overlying deeply-buried
salt deposits collapsed when the salt dissolved. The area of this
col lapse corresponds closely with the route of the Sourls River.

DEAD-ICE MORA INE=-

Among the most interesting geologic features found In North Dakota
are the rugged landscapes found in areas such as the Turtle Mountains,
on the Pralrie Coteau in Sargent County, and on the Missouri Coteau.
The Missouri Coteau (known also as the "Hills of the Missouri;"
"coteau" is French for "littie hill.") is by far the most extensive of these
three hilly areas, extending from Dlvide County In the northwest to
Dickey County In the southeast.

The landscapes of all three of these areas were formed In the same
way; as a result of glacial stagnation. (Incidentally, the Turtie
Mountains receive several inches more rainfall each year than the other
two areas, and, as a result, they are wooded. However, the landforms
there are otherwlse the same as those found on the Missouri Coteau,
which Is generally prairie.)



-16~

The hilly landscapes found in each of the three areas began to form
about 13,000 years ago when the last glaciers, which by that time were
generally melting from North Dakota, became so thin that they could no
longer flow easily over high areas such as the Turtle Mountains.

In fact, the glaciers became so thin that, even though they continued to
flow generally southward, the three high areas caused them to undergo
what geologists refer to as "compressive flow." This means that the Ice
was pushed into the high areas, and, rather than flowing smoothly

up and over them, intense thrusting took place at the glacier's margin.
As a result, great quantitlies of rock and other debris beneath the

ice were dragged upward through the lce along shear planes in the glacier.

As the glacler melted, this debris, referred to by geologists as
"glaclal t1t1," became concentrated on the surface of the glacler,
forming a nearly continuous blanket several tens of feet thick on top of
the lice. ‘

The cover of t11l on the glacier helped to insulate the ice,
causing It to melt much more slowly than ice on surrounding lowland areas.
Nearly continuous sheets of stagnant glaclal ice, which at first were a
few hundred feet thick, covered the three areas. Much of this ice
persisted for at least 3,000 years, until about 9,000 years ago.

The ti1l cover on top of the three areas was lrregularly distributed,
and, as a result, the Ice melted irregulariy. This uneven melting
caused the upper surface of the stagnant ice to become hllly and pitted
with Irregular depressions. The till on top of the ice was saturated
with water from the melting ice and it was highly fluid. It slid
down the ice slopes and accumulated in the depressions. Mudflows were
common. The thick accumulation of debris in the depresslons on the
stagnant glacier caused the ice there to melt more slowly, and newly
exposed ice from which the till cover had recently slid melted more rapidly,
resulting In continual reshaping of the surface of the stagnant, t1il-
covered glacler.

At first, the stagnant glaclier melted rapidly, and the material on
top of the glacier slid almost continually to new, lower positions.
However, as the ice continued to melt, the cover of tiii on the lce
stabilized, causing the Ice to meit more sliowly.

The environment gradually stabillized too, and water in lakes that
coltected In till-filled depressions on the glacier became more temperate.
Most of the water in the lakes was runoff from local preclpitation,
rather than melt water from the glacier. Precipltation at the time
was much greater than it Is today, probabiy between 25 and 50 inches of
rainfail! a year, and the mean annual temperature was a few degrees
cooler than it Is today.
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Fish and clams and other animals and plants thrived In the lakes
that developed on top of the tili-covered glacier. Surrounding the lakes
and streams, the till on top of the stagnant glaclier was forested by
spruce, tamarack, blrch, poplar, aquatic mosses, and other vegetation, much
ke parts of northern Minnesota today.

The stagnant-ice environment In the three areas was In many ways
similar to stagnant, till-covered parts of certain glaclers In south-
central Alaska today.

Eventually, all the stagnant ice melted, and all of the material
on top of the glaclier was let down to its present positlon forming the
hilly "collapse" topography that Is found In the three areas today.
These landforms are referred to by geologlsts as "dead-Ice moralne."

FOSSILS IN NORTH DAKOTA--

Fossils are abundant In only a few places In North Dakota, and the
casual observer may not be successful at finding them. The following
discussion Is not a catalog of fossll localities, but rather.a general
review of what some of the formations contain.

Flsh scales and coccollths are commonly found in exposures of the
Cretaceous Nlobrara Formation, which Is exposed in several places in
eastern North Dakota. The Cretaceous Plerre Formation, which is
exposed In many eastern North Dakota river valleys, as well as In the
southwest corner of the state, has produced some fosslls, Including some
echinoids, a mosasaur In Barnes County near Kathryn, and abundant
fragments of the clam Inoceramus from many outcroppings.

The Cretaceous Fox Hills Formation contains several kinds of
clams, snalls, fossll crab burrows, and at least one type of cephalopod.
The formatlon Is especlally fossiliferous In parts of south-central
Sloux County, a few miles east of Selfridge, where oysters and clams are
abundant, and in parts of Emmons County.

The Cretaceous Hell Creek Formation contalns some dinosaur bones.
Bone fragments can be found In most badlands exposures of the formation
and occasionally an entire bone, or even an entire skeleton may turn up.
Part of a skeleton of the dinosaur Triceratops was taken from Hell
Creek Formation sediments In Slope County In southwestern North Dakota.
Fish bones are common in the Hell Creek Formation near Huff In Morton
County, and mollusk shells can also be found in places.

The Pafeocene Cannonball Formatlion contains lobster, crab, and clam
fossils, It also contalns Teredo-bored petrified wood, North Dakota's
official state fossil. Teredo-bored petrified wood was bored by worm-
I1ke clams known as shipworms before It was petrified. It Is less
commonly found In the Plerre Formation. The Ludlow Formatlion, which was
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being deposited on land at the same time the Cannonball Formation was
belng deposited off shore, contalns an abundant fossil assemblage,
Including fossl| fish and turtles which have been collected at one site
In Billings County. Fossilized crocodiles up to 16 feet long have been
found along with fossi! champsosaurs, which were similar to crocodiles,
but not so large. A few small primate fosslis and primitive horse and
cow~like fossils have been found In Ludiow Formation sediment 1n North
Dakota.

The Paleocene Bulllion Creek and Sentinel Butte Formatlions contain
fossil mollusks, but the most obvious fossil from these two formations
Is the abundant petrlfled wood and lignite, which Is an accumulation of
fossil plant material. [+t is possible to collect excellent fossil leaves
and plant casts from the lignite In some places.

Well-preserved plant and animal fossils occur In the Eocene Golden
Valley Formation sediments and the Ollgocene White River Group sediments
in some places. At White Butte, south of Dickinson, fossll fish,
frogs, reptiles (including four genera of crocodllians), a small blrd, and
mammals, including rodents, carnivores, pantodonts, perrisodactyls,
and artlodactyls, have been collected from the Golden Valley Formation.
The White River Formation has yielded a few fossils in North Dakota,
including titanothere bones and a rhinoceros.

The Plelstocene Coleharbor Group sediments have produced abundant
fossil assemblages. These Include pollen from a large variety of trees
and smaller plants as well as assorted plant remains, both of which were
especially common In lakes and sloughs that existed during and at the
end of the ice age. Numerous fish, aquatic snall and clam shells, and
land snalis have been collected from glacial and postglacial lake
sediments. Insect fosslils and ostracodes are also found in lake
sediments. Larger fossiis dating to the Pieistocene in North Dakota
include such animals as beaver, caribou, and mammoth remains. Bones
of bison are commonly found In the banks of streams throughout the
state. They date from a few hundred years old to several thousand years
old.

At one fossl| location In Stutsman County, North Dakota, the Sei-
bold Site, more than 160 species of mollusks, ostracodes, Insects, fish,
amphibians, mammals, and plants were found. These animals and plants
lived In and near a lake that came Into existence while glacial ice
was melting from the area. The lake persisted for several thousand years.
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STRIPPERS=--

Old strippers--ever wonder what happens to them? Whether the
Las Vegas variety or the North Dakota variety, they tend to have been
assoclated in thelr past with gamblers and high rollers; but, alas,
time and action have taken their toll, and they have declined from a time
when they were more attractive and exciting. Life proceeds more slowly
for them now. They are tended to less frequently and no one appears
too Interested In working them over anymore.

But walt. We find that old strippers are alive and well in North
Dakota. We don't clalim to be experts on the Las Vegas-type stripper,
but from the word we are getting, It appears that the North Dakota
stipper Is active and pretty well paid.

Now, lest you be misled, the strippers we're taliing about are
the approximately 655 oil wells currently producing 10 barrels of oil
a day or less. Scattered throughout the ol l-producing areas of the
state, they make a valuable contribution to our energy requirements
and to the local and state economy .

The 655 stripper wells In the state produced over one milllon
barrels of oil in 1976. At the current stipper well price of approxi-
mately $11.50 per barrel, thelr gross production value was over twelve
milllon dollars. This averages out to nearly $19,000 per well.

Their continued well-being Is of considerable Importance to the
state and local economy. The state benefits through the gross
production tax. The local economy benefits through employment of oll-
fleld workers, and the fact that many of these wells are owned and
operated by local Individuals or companies so that profits recelved
tend to stay In the community.

So, If you hear someone lamenting the fate of old strippers,
tell them they are allve and well in North Dakota.



